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,QWURGXFWLRQ
7UDIILF GHQVLW\ LQ (XURSH¶V FLWLHV LV VXFK WKDW LQ PRVW RI WKHP WKH ORVV RI OLIH FDXVHG E\ WUDIILF
SURGXFHGDLUSROOXWLRQ LVHTXDORUJUHDWHU WKDQ WKH ORVVRI OLIH LQFXUUHGE\ WUDIILFDFFLGHQWV LQ WKHVDPH
FLWLHV/LJKWGXW\YHKLFOHV/'9VDUHDQLPSRUWDQWDQGIDVWJURZLQJVHJPHQWRIDOOXUEDQWUDIILF2IDOO
LQQHUFLW\WUDIILFWRGD\DUHUHODWHGWROLJKWXUEDQGHOLYHU\RUXUEDQVHUYLFHSURYLVLRQLQJYHKLFOHVWHQ
\HDUV DJR WKLVZDV OHVV WKDQ $FFRUGLQJ WR$&($ ILJXUHV WKH(8/'9 IOHHW LQFOXGHGRYHU
PLOOLRQ/'9VFRQVXPLQJVRPHHVWLPDWHGPLOOLRQWRQVRIIRVVLOIXHOSHUDQQXP$&($
3UHVHQWO\DYDLODEOHOLJKWGXW\YHKLFOHVFRQGLWLRQPDQ\RIWKHLPSDFWVRQVRFLHW\RIXUEDQGHOLYHU\%H
VLGHVREYLRXV LPSDFWVDVPHQWLRQHGDERYH&2QRLVHDFFLGHQWVDOVRNH\DVSHFWVVXFKDV WKHDYHUDJH
WLPHVSHQWSHUGHOLYHU\ WKHDYHUDJHZRUNORDGRQ WKHGULYHUDQG WKHFRQJHVWLRQFUHDWHG LQGHQVH WUDIILF
VLWXDWLRQVGHSHQGDWOHDVWSDUWLDOO\RQWKHOLJKWGXW\YHKLFOHDUFKLWHFWXUHDQGSHUIRUPDQFH
*LYHQWKHVHLPSDFWVZKLFKDUHGLUHFWO\RULQGLUHFWO\SDUWLDOO\UHODWHGWRWKHLQWHUQDOFRPEXVWLRQHQJLQH
,&( EHLQJ WKH SURSXOVLRQ V\VWHP RI WKHVH XUEDQ GHOLYHU\ YHKLFOHV WKH SRWHQWLDO SRVLWLYH LPSDFW WKDW
HOHFWULILFDWLRQRIVXFKYHKLFOHSURSXOVLRQWHFKQRORJ\FDQKDYHEHFRPHVDSSDUHQW)XOO\HOHFWULFOLJKWGXW\
YHKLFOHV RIIHU WKH SRWHQWLDO WR EH ORFDOO\ HPLVVLRQ IUHHZKLOH HQDEOLQJ HYHQ EHWWHU WKDQ SUHVHQW YHKLFOH
DUFKLWHFWXUHVWKHIXOILOPHQWRIHIILFLHQWVDIHDQGKHDOWK\XUEDQGHOLYHU\RIJRRGVDQGVHUYLFHV
7RGD\WKHUHDUHIXOO\HOHFWULF/'9VRQWKHPDUNHWEXWDFWXDOVDOHVYROXPHVDUHVWLOOYHU\ORZDQQX
DOO\ LQ (XURSH VRPH WKRXVDQGV SHU \HDU PDQ\ RI WKHP UHFRQYHUVLRQV RI LQWHUQDO FRPEXVWLRQ HQJLQH
/'9V6HYHUDOEDUULHUV WRZLGHVSUHDGDGRSWLRQRI VXFKHOHFWULF/'9VH[LVWDPRQJZKLFKSHUKDSV WKH
PRVWLPSRUWDQWRQHLVWKDWRIWKHRYHUDOOHFRQRPLFIHDVLELOLW\DQGSHUFHLYHGULVNRILQYHVWLQJLQVXFKYHKL
FOHVDQGWKHLUEDWWHULHVWKHODWWHUEHLQJDVLJQLILFDQWFRVWRIWKHWRWDOYHKLFOHSURSRVLWLRQ,QRUGHUWRUH
GXFHWKLVEDUULHUHOHFWULF/'9VQHHGWRLPSURYHWKHLUHIILFLHQF\DQGQHHGWREHGHVLJQHGEHWWHUWKDQWKH\
DUHQRZWDNLQJPRUHDGYDQWDJHRIWKHXQLTXHGHVLJQIUHHGRPWKDWHOHFWULFGULYHWUDLQVRIIHULQSULQFLSOH
6WDWHRIWKHDUW
8UEDQJRRGVGHOLYHU\RU IUHLJKW WUDQVSRUWV\VWHPVDUH WKHV\VWHPVRIGHOLYHU\YHKLFOHVRU WUXFNVDQG
GLVWULEXWLRQFHQWUHVWKDWVHUYHLQWUDQVSRUWLQJJRRGVRUVHUYLFHVIURPRXWVLGHLQWRWKHFLW\RUEHWZHHQFLW\
ORFDWLRQV7UDQVIHUV FDQEH H[HFXWHGGLUHFWO\ IURP WKHPDLQEXVLQHVVEXLOGLQJ WR WKH FOLHQW RU LQ VWHSV
SDVVLQJIURPPXOWLSOHGLVWULEXWLRQFHQWUHVDQGYHKLFOHV'HSHQGLQJRQWKHVL]HZHLJKWDQGQXPEHURIWKH
JRRGVGLIIHUHQWVL]HVDQGW\SHVRIYHKLFOHVDUHXVHGIURPODUJHKHDY\GXW\WUXFNVWRPLQLYDQV

7KHXUEDQURDGWUDQVSRUWV\VWHPLVUDWKHUFRPSOH[DVLOOXVWUDWHGLQ)LJVKRZLQJSOD\HUVSROLF\DU
HDVVWDNHKROGHUVDQGWKHLULQWHUUHODWLRQV$GGLWLRQDOO\7KRPSVRQ	+DVVDOOGHILQHWKHIROORZLQJ
WUDQVSRUWV\VWHPSHUIRUPDQFHSDUDPHWHUV

x 5RDGVDIHW\WRWDOQXPEHURIFUDVKHVQXPEHURIIDWDO	SHUVRQDOLQMXU\FUDVKHV
x 6RFLDOQRLVHOHYHOVQXPEHURIIUHLJKWYHKLFOHVWUDYHOOLQJQHDUVHQVLWLYHDUHDV
x 9HKLFOHRSHUDWLQJWLPHVWUDYHOWLPHVMRXUQH\WLPHVGHOD\WLPHVORDGLQJDQGXQORDGLQJWLPHV
x 7UDIILFQHWZRUNVHUYLFHOHYHORIVHUYLFHVSHHGVYDULDELOLW\RIWUDYHOWLPHVQXPEHURILQFLGHQWV

0RUHUHFHQWO\WKHUHLVDUDSLGO\JURZLQJFRQFHUQIRUWKHHQYLURQPHQWDO LPSDFW WRWKHFLW\FDXVHGE\
WKH HPLVVLRQV RI GHOLYHU\ YHKLFOHV ,W LV HVWLPDWHG WKDW GHOLYHU\ YHKLFOHV DUH DFWXDOO\ WKH OHDVW HIILFLHQW
PHDQVRIIUHLJKWWUDQVSRUWHPLWWLQJJ&2SHUWRQQHNPLQFRPSDULVRQWRJ&2WRQQHNPIRU
KHDY\JRRGVYHKLFOHVDQGDERXWJ&2WRQQHNPIRUUDLO$VDQH[DPSOHLQWKH8.LQOLJKWGH
OLYHU\YHKLFOHVKDQGOHGELOOLRQ WRQQHNPRI IUHLJKWDQGJHQHUDWHGDQHVWLPDWHG WRWDORIPLOOLRQ
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WRQQHVRI&2RURIWKHWRWDOHPLVVLRQVIURPWKHURDGIUHLJKWVHFWRU,WVKRXOGEHPHQWLRQHGWKDW
IUHLJKWWUDQVSRUWLQFOXGLQJURDGUDLODLUDQGZDWHULVUHVSRQVLEOHIRUURXJKO\RIWRWDOHPLVVLRQVLQ
WKH8. 0F.LQQRQ (8 ILJXUHV DUH HVWLPDWHG WR KDYHRQO\ OLWWOH YDULDWLRQ FRPSDUHG WR WKH8.
6FKRHPDNHUHWDO


)LJ8UEDQURDGWUDQVSRUWV\VWHP6FKRHPDNHUHWDO
7RGHDOZLWKWKHDERYHLVVXHVGLIIHUHQWSROLF\RUWHFKQRORJLFDOPHDVXUHVKDYHEHHQWDNHQWKURXJKWKH
\HDUV)UHLJKWWUDIILFKDVEHHQEDQQHGGXULQJVSHFLILFKRXUVRIWKHGD\WRDYRLGH[FHVVLYHWUDIILFEORFNDJH
RU KDV EHHQ EDQQHG WRWDOO\ IURP QRLVHVHQVLWLYH DUHDV /RJLVWLFVPDQDJHPHQW V\VWHPV DLP DW UHGXFLQJ
WUDYHO WLPHV DQG GHOD\V $OWKRXJK VRPH RI WKH DERYH SDUDPHWHUV DUH VWULFWO\ V\VWHPDWLFPRVW RI WKHP
KDYHFRQVHTXHQFHVIURPDYHKLFOHSHUVSHFWLYH
0DQ\FLWLHVDUHSUHVHQWO\WHQGLQJWRZDUGVSROLFLHVWKDWIDYRXUPXOWLSOHXUEDQGLVWULEXWLRQFHQWUHV6XFK
VWUDWHJLHVPD\EHGHYHORSHGWKDWPLQLPLVHRSHUDWLRQDOFRVWDQGPD[LPLVHV\VWHPVSHHGDJLOLW\DQGUHOL
DELOLW\ IRUH[DPSOHE\WUDQVIHUULQJJRRGVWRODUJHKXEVRQWKHRXWVNLUWVRIWKHFLW\ZLWKJRRGDFFHVV WR
LQFRPLQJODUJHIUHLJKWWUDQVSRUWDQGWKHQWUDQVIHUULQJJRRGVWRVPDOOHUGLVWULEXWHGZDUHKRXVHVDQGUHWDLO
VWRUHVDURXQGWKHFLW\ZLWKVPDOOHUHOHFWULFWUXFNVDQGYDQV7KHFXUUHQWO\XQGHUZD\&LW\/2*SURMHFWKDV
SUHVHQWHGVRPHSUHOLPLQDU\FRQFHSWVIRUXUEDQGHOLYHU\³EXVURXWH´V\VWHPV=XFRWWL
,QJHQHUDOWKH'(/,9(5SURMHFWIRUHVHHVDQXUEDQJRRGVGHOLYHU\V\VWHPIXWXUHWKDWZLOOLQFUHDVLQJO\
HPSOR\IHHGHUURXWHVWUDQVSRUWLQJJRRGVLQWRGHOLYHU\KXEVORFDWHGDURXQGFLW\FHQWUHVRULQFDVHRIYHU\
ELJFLWLHV DOVR LQVLGHFLW\FHQWUHV)URP WKHVHKXEVJRRGVZLOOEHGLVWULEXWHG IRU WKH ³ODVWPLOH´ ILQDO
GHOLYHU\E\VPDOOOLJKWXUEDQYHKLFOHV)RUVHUYLFHGHOLYHU\DOVRLQFUHDVLQJO\VPDOOHU³SDWFKHV´RIXUEDQ
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WHUULWRU\EHLQJFRYHUHGE\VPDOOIOHHWVRIOLJKWXUEDQVHUYLFHGHOLYHU\DQGPDLQWHQDQFHGHOLYHU\YHKLFOHV
DUHWDNHQLQWRDFFRXQW
9HKLFOHGHVLJQGHYHORSPHQWDQGSURGXFWLRQ
,QRUGHUWRPHHWWKHDERYHGHVFULEHGXUEDQORJLVWLFIXWXUHWKHNH\JRDORIWKH'(/,9(5FRQFHSWLVWR
EHVW FRPELQH DQ HIILFLHQW DQG SXUSRVHWDUJHWHG YHKLFOH GHVLJQ ZLWK WKH SURVSHFWV RI DQ HOHFWULILHG
GULYHWUDLQ7KHUHIRUHLWLVFUXFLDOWRXQGHUVWDQGWKHVWDWHRIWKHDUWRIYHKLFOHGHVLJQDQGGHYHORSPHQW)LJ
 DVZHOO DV HOHFWULF GULYHWUDLQ DUFKLWHFWXUHV 7KH IROORZLQJ VXEFKDSWHUZLOO JLYH DQ RYHUYLHZ DQG DV
VXFKGHILQHWKHWDNHRIISRLQWIRUWKHFRQFHSWGHYHORSPHQW


)LJ&RQFHSWSKDVHRIWKHGHYHORSPHQWSURFHVVRIFDUV
&RPSDUHGWRWKHDERYHGHVFULEHGFODVVLFFRQFHSWSKDVHDVSDUWRIWKHFXUUHQWGHYHORSPHQWSURFHVVRI
FDUVWKH'(/,9(5DSSURDFKZLOODGYDQFHE\H[SORULQJWKHDUFKLWHFWXUHVFRQFHSWVDQGIHDVLEOHPRGXODU
DSSURDFKHVWKDWFDQEHFRQVLGHUHGXVHIXOIRUIXOO\HOHFWULF/'9V,WZLOOEHWDNLQJDPRUHRSHQFUHDWLYLW\
EDVHG DSSURDFK WR JHQHUDWH SRWHQWLDO FRQFHSWV DQG DUFKLWHFWXUHV $ W\SLFDO 9VKDSHG FDU GHYHORSPHQW
SURFHVV)LJZLOOEHIROORZHGEXWLQDPRUHKROLVWLFDQGLQWHJUDWHGDSSURDFKWDNLQJLQWRDFFRXQWIX
WXUHXUEDQGHOLYHU\V\VWHPVQHHGVDQGFKDUDFWHULVWLFVFIFKDSWHU
,QWKHWUDGLWLRQDOYHKLFOHFRQFHSWGHVLJQSURFHVVZKHQWKHVHWRIVSHFLILFDWLRQVKDVEHHQDJUHHGXSRQ
EHWZHHQPDUNHWLQJ DQG GHYHORSPHQW GHSDUWPHQWV WKH QH[W VWHS LV LQLWLDWHG DUFKLWHFWXUHV OD\RXWV DQG
YHKLFOH FRQFHSWV 7KH UHODWLRQVKLSV EHWZHHQ HUJRQRPLFV DYDLODEOH VSDFH QRLVH YLEUDWLRQ	KDUVKQHVV
19+ FKDVVLV VWLIIQHVV DQG OLJKWZHLJKWLQJZHUH EDVHG RQ WKH H[SHULHQFH IURP JHQHUDWLRQV RI W\SLFDO
LQWHUQDOFRPEXVWLRQHQJLQHV,&(PRGHOV+RZHYHUHOHFWULFYHKLFOHVKDYHGLIIHUHQWPDVVGLVWULEXWLRQV
HJEDWWHU\XQGHUWKHIORRUGLIIHUHQWPDWHULDOGLVWULEXWLRQDQGLQJHQHUDODGLIIHUHQWVHWRIGHVLJQIUHH
GRPVHJLQZKHHOPRWRUVDQGFRQVWUDLQWV,WLVWKHFKDQFHRIWKH'(/,9(5SURMHFWWRSURJUHVVEH\RQG
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WKHVWDWHRIWKHDUWE\H[SORULQJSUHYLRXVO\XQWURGGHQSDWKVRIGHVLJQUXOHVDQGUHODWLRQVKLSVWRHYHQWXDOO\
GHYHORS³EHVWLQFODVV´DUFKHW\SHGHVLJQVROXWLRQVIRURSWLPDOIXWXUHHOHFWULFYDQV


)LJ9PRGHOIRUFDUGHYHORSPHQWSURFHVV%0:
(/'9DUFKLWHFWXUHV
6SHFLILFNQRZOHGJHLVUHTXLUHGZKHQLWFRPHVWRFRPELQLQJYHKLFOHGHVLJQZLWKWKHWHFKQRORJLHVWKDW
DUHOLWHUDOO\GULYLQJWKHYHKLFOHFRQFHSW
(OHFWULFYHKLFOHDUFKLWHFWXUHVDQGFRQFHSWV
/LWHUDWXUH /DUPLQLH	/RZU\  SURYLGHV FRPSOHWH RYHUYLHZV RI SDVW SUHVHQW DQG QHDU IXWXUH
(9VDQGWKHLUDUFKLWHFWXUHV%DVLFDOO\VRPHDUFKHW\SHVUHODWHGWRGULYHWUDLQVWUXFWXUDOFRQFHSWDQGPDLQ
SDFNDJLQJVROXWLRQVFDQEHGLVWLQJXLVKHG5HJDUGLQJGULYHWUDLQVDFHQWUDOLVHGPRWRUQHDUZKHHOPRWRUV
D[OHPRWRUVDQGLQZKHHOPRWRUVFDQEHGLIIHUHQWLDWHG,QZKHHOPRWRUVDUHWKHPRVWGLIIHUHQWFRPSDUHG
WR,&(GULYHWUDLQOD\RXWV
5HJDUGLQJVWUXFWXUDOFRQFHSWVWKHWUDGLWLRQDOXQLERG\WKHVDQGZLFKW\SHSODWIRUPRIWHQLQFRUSRUDWLQJ
EDWWHU\SDFNVDQGWKHVSDFHIUDPHFDQEHGLVWLQJXLVKHG0RVWRIWKHVPDOOGHOLYHU\YHKLFOHVRQWKHPDU
NHWKDYHVLPLODUSODWIRUPVDVSDVVHQJHUFDUVWKDWKDYHXQLERG\VWUXFWXUHVHJ9RONVZDJHQ&DGG\+RZ
HYHUVRPHOLNHWKH)LDW'REORKDYHDFKDVVLVDQGVXSHUVWUXFWXUHVWUXFWXUDOGLYLVLRQZKLFKPD\OHDGWRD
ORZHU HIILFLHQF\ LQ WHUPVRI VWLIIQHVVE\ZHLJKW EXWZKLFKRIIHUV VXSHULRU IOH[LELOLW\ LQ WKH FUHDWLRQRI
XVHVSHFLILFFRQILJXUDWLRQV
(OHFWULFYHKLFOHSDFNDJLQJFRQFHSWVDOVRIXQGDPHQWDOO\GLIIHULQWKHZD\WKHEDWWHULHVDUHVWRUHGLQVLGH
DSURWHFWLYHIUDPH%HVLGHVWKHPHQWLRQHGVDQGZLFKLQZKLFKWKHEDWWHULHVDUHRIWHQSODFHGPLGYHKLFOH
WKHGLVWULEXWHGSDFNVVROXWLRQRIWHQXVHGLQGHVLJQVEDVHGRQH[LVWLQJFDUVDQGWKHVROXWLRQLQZKLFKWKH
IXHOWDQNORFDWLRQLVXVHGIRUWKHEDWWHULHVFDQEHGLVWLQJXLVKHG7KHFRQYHUVLRQRI,&(LQWRHOHFWULFYHKL
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FOHVQRUPDOO\PHDQVWU\LQJWRILQGDVXLWDEOHSODFHIRUEDWWHU\DQGHOHFWULFFRPSRQHQWVHLWKHULQWKHWXQQHO
URRPOHIWIUHHE\H[KDXVWV\VWHPXQGHUWKHUHDUVHDWURRPOHIWIUHHE\WKHIXHOWDQNRUXQGHUWKHUHDU
IORRUVSDUHZKHHOVSDFH2EYLRXVO\DFRQYHUVLRQGHVLJQRIIHUVDFHUWDLQJUDGHRILQHIILFLHQF\GXHWRD
ORZOHYHORILQWHJUDWLRQ
(YROYLQJ IURP D FRQYHUVLRQ GHVLJQ WRZDUGV D SXUSRVHGHVLJQHG HOHFWULF DSSURDFK LW LV SRVVLEOH WR
LPDJLQHVHYHUDOGLIIHUHQWDUFKLWHFWXUHV)RUH[DPSOHZLWKIHZPRGLILFDWLRQVLWFRXOGEHSRVVLEOHWRDGDSW
DVWHHOERG\LQZKLWH%,:GHVLJQWRILWWKHEDWWHU\VKDSH7KHDUFKLWHFWXUHFKRLFHZRXOGEHEDVHGRQWKH
EHVWFRPSURPLVHEHWZHHQWKHOD\RXWQHHGVDQGWKHVWUXFWXUDOSHUIRUPDQFH$KROLVWLFDSSURDFKPD\RIIHU
WRJHWKHUZLWKDQRSWLPDOSDFNDJHDVWUXFWXUDOEHQHILW)RUH[DPSOHDQLQWHJUDWHGVDQGZLFKOLNHIORRUFDQ
SURYLGHZHLJKWHIIHFWLYHWRUVLRQDQGEHQGLQJVWLIIQHVVWRWKHZKROH%,:OHDGLQJWRDQRYHUDOOUHGXFWLRQLQ
ZHLJKW
$VSUHYLRXVO\ VWDWHGPRVW ODUJH2(0RULJLQDWHGSUHVHQW DQGQHDUIXWXUH HOHFWULF/'9FRQFHSWV DUH
EDVHG RQ DGDSWLQJ FRPEXVWLRQHQJLQH UHODWHG DUFKLWHFWXUHV 2QH FDQ FRQWUDVW WKDW DSSURDFK WR WKH RQH
WDNHQE\ WKH ODWH02'(&FRQFHSWZKLFKUHSUHVHQWHGDQXUEDQGHOLYHU\YHKLFOH  WRQQHVPDOO WUXFN
WKDWZDVEXLOW IURPVFUDWFK2WKHUVOLNHWKH'XUD&DUFRQFHSWRUWKH(XURSHDQSURMHFW+267KDYHKDGD
VLPLODU ³IURP VFUDWFK DSSURDFK´ 7KH OLPLWDWLRQV RI WKHVH SDUWLFXODU ³JUHHQ´ GHVLJQV RI YHKLFOHV DUH
PDLQO\WKHLURULHQWDWLRQWRZDUGVORZHUYROXPHSURGXFWLRQDQGWKHLUOLPLWHGUHVRXUFHVWRLQYHVWLQEHVWLQ
FODVVYHKLFOHGHVLJQDQGHQJLQHHULQJZKLFK LVGLUHFWO\ UHODWHG WR WKH OLPLWHGYROXPHVRISURGXFWLRQDQG
FRQVHTXHQWO\VDOHV
7KHEHVWFRPSURPLVHLQWHUPVRIVHFWLRQVWURQJO\GHSHQGVRQWKHPDWHULDOVFKRLFHIRUHYHU\SDUW6RPH
SDUWVDUHVWLIIQHVVGRPLQDWHGRWKHUVDUHPDLQO\VWUHQJWKGRPLQDWHGDQGVRPHWLPHVERWKPHFKDQLFDOFKDU
DFWHULVWLFV DUH UHTXLUHG IURP WKH FRPSRQHQW DQGPDWHULDO 7KHVH DVSHFWV DUH FRQVLGHUHG DORQJZLWK WKH
DYDLODEOH VSDFH DQG RYHUDOO GLPHQVLRQV RI WKH SDUW2QO\ WKH XVDJH RI DPXOWLGLVFLSOLQDU\ RSWLPLVDWLRQ
DQDO\VLV XVLQJ OLQHDU IRU VWLIIQHVV FKDUDFWHULVWLFV DQG QRQOLQHDU IRU FUDVK FKDUDFWHULVWLFV FDSDELOLWLHV
DOORZVDFKLHYLQJWKHHIILFLHQWFRPELQDWLRQVRIPDWHULDODQGVHFWLRQWKLFNQHVV6XFKPXOWLGLVFLSOLQDU\DQG
PXOWLOHYHORSWLPLVDWLRQWHFKQLTXHVDUHVWDWHRIWKHDUW IRUWKHODUJHU2(0VEXWWKHVHKDYHWKHLU OLPLWD
WLRQVZKHQVXFKDQH[HUFLVHQHHGV WREHSHUIRUPHG IRUD WRWDOO\QHZFDWHJRU\DUFKLWHFWXUHDQG W\SHRI
YHKLFOHVXFKDVWKHRQHWKH'(/,9(5SURMHFWLVWDUJHWLQJ
,QJHQHUDOWKHVWURQJHUDQGVWLIIHUWKHORZHUSDUWRIWKHERG\LVWKHOLJKWHUWKHXSSHUERG\FDQEHFUH
DWLQJVLJQLILFDQWDGYDQWDJHVLQWHUPVRIORZOLQHDUDQGURWDWLRQDOLQHUWLDRULQWHUPVRIPDFURVSOLWWLQJWKH
DUFKLWHFWXUH7ZRH[DPSOHVRIWKLVDSSURDFKDUHWKH)LDW3K\OOD&RQFHSWDQGWKHVWLOOXQGHUGHYHORSPHQW
%0:LIRUPHUO\0HJD&LW\9HKLFOH%RWKDUHEDVHGRQDVSOLWERG\RQIUDPHDUFKLWHFWXUHZLWKDOLJKW
FRPSRVLWHXSSHUSDUWEXWWKHDSSURDFKUHPDLQVYDOLGIRUDQ\RWKHUWHFKQRORJ\DGRSWHGIRUWKHXSSHUERG\
PHWDOVSDFHIUDPHRUPRQRFRTXH(VSHFLDOO\ZKHQORRNLQJDWGHOLYHU\YHKLFOHVDFHUWDLQJUDGHRIIOH[L
ELOLW\RIWKHERG\FRXSOLQJFDQEHDSSUHFLDWHGE\DIWHUPDUNHWFRPSDQLHVZKLFKFRQYHUWRUDGRSWWKHYH
KLFOHWRGLIIHUHQWYHKLFOHPLVVLRQXVDJHJLYLQJWKHPWKHSRVVLELOLW\WRFXVWRPEXLOGXSSHUERGLHVWRVSH
FLILFYHKLFOHPLVVLRQXVDJH
8VDELOLW\
(UJRQRPLFVDUHFUXFLDOLQRUGHUWRSURYLGHDWUXO\SURGXFWLYHDQGDSSUHFLDWHGYHKLFOHE\WKHXVHU%RWK
WKHFDELQDQG WKHFDUULDJHFRPSDUWPHQWKDYH WREHHDVLO\ DFFHVVLEOH+RZHYHUHUJRQRPLFVFRYHUPDQ\
DVSHFWVRIWKHYHKLFOHGHVLJQYLVLRQIURPWKHGULYHU
VVHDWSRVLWLRQEHKLQGWKHZKHHOW\SLFDOSRVWXUHVDQG
PRYHPHQWVWKDWQHHGWREHDVVXPHGDQGH[HFXWHGZKHQSHUIRUPLQJW\SLFDOWDVNVUHODWHGWRWKHYHKLFOH
V
GXW\F\FOHLQVWUXPHQWDWLRQSDQHOOD\RXWSRVLWLRQDQGOLJKWLQJ(UJRQRPLFVIRUDIXOO\HOHFWULF/'9GH
VLJQHG IURP VFUDWFK KDYH QRW EHHQ VXEMHFW RIPDMRU UHVHDUFK LQ(XURSH \HW DQG DJDLQZLOO EH DQ DUHD
ZKHUHWKHSURMHFWZLOODGYDQFHWKHVWDWHRIWKHDUW
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7KHDOOLQWKHIURQW VFKHPHRIPDQ\ ,&( OD\RXWV JLYHVJUHDW LQWHJUDWLRQEXW LPSRVHV VRPH OLPLWD
WLRQVLQWKHFDELQDUFKLWHFWXUHVKDSH,QDFRQYHQWLRQDO,&(VPDOOGHOLYHU\YHKLFOHOLNHWKH)LDW)LRULQR
XS WR  RI WKH WRWDO YROXPH RI WKH YHKLFOH LV FRQVXPHG WR DFFRPPRGDWH WKH IURQW URZ RI
GULYHUSDVVHQJHUVHDWV,QDQHOHFWULFYHKLFOHUHPRYLQJPRVWRIWKHSRZHUWUDLQFRPSRQHQWVIURPWKHIURQW
SDUWHJZLWKDEDWWHU\XQGHUWKHIORRUDQGLQZKHHOPRWRUVRSHQVQHZIUHHGRPVIRUWKHDUFKLWHFWXUH$V
DQH[DPSOHWKHGHVLJQFRXOGDGRSWDFDEIRUZDUGDUFKLWHFWXUHZLWKWKHVDPHRYHUDOOYHKLFOHOHQJWKEXWD
VPDOOHUZKHHOEDVH DJUHDW JDLQ LQ WHUPV LQSD\YROXPHDQG ODWHUDOGRRURSHQLQJFDQEHDFKLHYHG7KH
FDEIRUZDUGDUFKLWHFWXUHKDVEHHQDGRSWHGLQWKHSDVWE\PDQ\PXOWLSXUSRVHYHKLFOHVRUYDQVVRPHH[
DPSOHVDUHWKHROG)LDW0XOWLSOD1LVVDQ9DQHWWH0LWVXELVKL/DQGWKH6X]XNL'DLKDWVXDQG3LDJJLR
FRPPRQSODWIRUP
,QWHUPVRIFKDVVLVIOH[LELOLW\KDYLQJDOHQJWKVXEGLYLVLRQRIURXJKO\FDELQDQGSD\YROXPH
RSHQVWRDJUHDWQXPEHURIYHKLFOHYDULDQWVDFRQFHSWWKDWLVLPSRVVLEOHWRREWDLQZLWKRXWDFDEIRUZDUG
VFKHPH7KHIRUZDUGGULYHUSRVLWLRQFDQRIIHULPSURYHGYLVLELOLW\GLUHFWO\DSSUHFLDEOHLQGDLO\DQGLQWHQ
VLYHFLW\XVH WRJHWKHUZLWKDQRSWLPLVDWLRQRIWKHVHDWKHLJKW IRUFRPIRUWDEOHDFFHVV1RQFRQYHQWLRQDO
ODWHUDODQGIURQWGRRUVZLOODOVREHH[SORUHGWRGHWHUPLQHWKHEHVWVROXWLRQIURPWKHFXVWRPHUSHUVSHFWLYH
2WKHULPSRUWDQWDVSHFWVVXFKDVHUJRQRPLFQHHGVPDLQWHQDQFHDFFHVVLELOLW\HDV\DVVHPEOLQJDQGGLVDV
VHPEOLQJIURPDOLIHF\FOHDQDO\VLVSHUVSHFWLYHZLOODOVREHFRQVLGHUHGLQWKHDUFKLWHFWXUDOH[SORUDWLRQ
SKDVHRIWKHSURMHFW
&UDVKVDIHW\
&UDVKVDIHW\LVVXHVUHODWHGWRWKHIRUZDUGSRVLWLRQRIWKHRFFXSDQWVDUHDNH\SRLQWWRJHWKHUZLWKWKH
HQJLQH OD\RXW WREH IDFHG LQRUGHU WRXVH D FDE IRUZDUG DUFKLWHFWXUH6DIHW\ UHJXODWLRQVKDYH FKDQJHG
GXULQJ WKHSDVW WHQ \HDUV DQG DUH LQ FRQWLQXRXV HYROXWLRQ FRPSDUHG WR WKH WLPHVZKHQ WKH DERYHPHQ
WLRQHGKLVWRULFYHKLFOHVKDYHEHHQGHYHORSHG
)XUWKHUPRUHWKHUHLVDFRQVLGHUDEOHDPRXQWRIHOHFWULFDOHQHUJ\VWRUHGLQDQHOHFWULFYHKLFOHDERXW
0- IRU D W\SLFDO VPDOO HOHFWULF FDU ,I GDPDJHG HJ GXULQJ D FROOLVLRQ WKLV HQHUJ\PXVW EHGLVVLSDWHG
VDIHO\)RUEDWWHULHVWKHLVVXHUHODWHGWRFUDVKLVWKHUPDOUXQDZD\GXHWRWKHFKHPLFDOQDWXUHRIWKHHQHUJ\
VWRUDJH6XFKWKHUPDOUXQDZD\OHDGVWRKHDWLQJDQGSRWHQWLDOO\H[SORVLRQ7KHUPDOUXQDZD\RIHQWLUHEDW
WHU\SDFNVFDQRFFXUE\FULWLFDOGDPDJHWRRQHVLQJOHEDWWHU\FHOO
7RPLWLJDWH WKHULVNRI WKHUPDO UXQDZD\ LQHOHFWULFYHKLFOHV WKHGLYLVLRQRI WKHEDWWHU\SDFN LQFRP
SDUWPHQWV LV FRQVLGHUHG7KHEDWWHU\ LV SODFHG LQ DQ LQVXODWHGFRQWDLQPHQW LQ WKHSURWHFWHG DUHDRI WKH
YHKLFOHEHWZHHQWKHZKHHOD[HVDQGDZD\IURPWKHVLGHGHIRUPDWLRQ]RQHV1REDWWHU\VKRXOGEHORFDWHG
LQDQ\RIWKHFUDVK]RQHVRIWKHYHKLFOH$GHGLFDWHG(XURSHDQSURMHFWHQWLWOHG267/(5LVDGGUHVVLQJWKLV
LVVXH7KH'(/,9(5SURMHFWZLOOWKHUHIRUHHVWDEOLVKDOLQNWRWKDWSURMHFWWRREWDLQWKHVWDWHRIWKHDUWDV
ZHOODVLQQRYDWLYHVROXWLRQVIRUEDWWHU\LQWHJUDWLRQ$FFRUGLQJO\WKH'(/,9(5SURMHFWZLOOFRQVLGHUWKH
DVSHFWRIEDWWHU\SODFHPHQWLQWKHDUFKLWHFWXUHVRI/'9VEXWZLOOQRWVSHFLILFDOO\GHYHORSWKLVLVVXH
(OHFWURPDJQHWLFLQWHUIHUHQFH(0,DQGHOHFWURPDJQHWLFFRPSDWLELOLW\(0&
+HDOWKHIIHFWVIURPHOHFWULFPDJQHWLFDQGHOHFWURPDJQHWLFILHOGVDUHRQHNH\LVVXHLQWKHGHYHORSPHQW
RIHOHFWULFYHKLFOHV7KH(8FRXQFLOUHFRPPHQGDWLRQ(&JLYHVUHIHUHQFHOHYHOVIRUH[SRVXUHWR
WKHJHQHUDOSXEOLF7KHVHUHFRPPHQGDWLRQVDUHPDLQO\VHWIURPVKRUWWHUPHIIHFWVDQGDUHWRDODUJHH[
WHQWEDVHGRQSXEOLVKHGUHFRPPHQGDWLRQVIURPWKH,QWHUQDWLRQDO&RPPLVVLRQRQ1RQ,RQL]LQJ5DGLDWLRQ
,&1,53,&1,53SXEOLVKHVJXLGHOLQHVIRUERWKSXEOLFDQGRFFXSDWLRQDOH[SRVXUHDQGDOVRFRPPHQWVRQ
ORQJWHUPHIIHFWVDOWKRXJKWKHUHLVQRWDVPXFKFRQVHQVXVRQWKHORQJWHUPHIIHFWVDVRQWKHVKRUWWHUP
,&1,53	$QHZ(8GLUHFWLYH(&LVH[SHFWHGWRFRPHLQWRIRUFHGXULQJWKHGX
UDWLRQRIWKH'(/,9(5SURMHFW5HFHQWO\VWDQGDUGVZHUHSXEOLVKHGIRUGHWHUPLQDWLRQVRIZRUNHUVH[SR
VXUHWRHOHFWURPDJQHWLFILHOGV(1DQGPHDVXUHPHQWVDQGFDOFXODWLRQVSURFHGXUHVIRUKXPDQH[
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SRVXUH WR HOHFWULFPDJQHWLF DQG HOHFWURPDJQHWLF ILHOGV (1 7KH GULYHU RI DQ HOHFWULF GHOLYHU\
YHKLFOHPD\VSHQGDFRQVLGHUDEOHDPRXQWRIWLPHHDFKGD\LQWKHYHKLFOHVRFDUHIXOFRQVLGHUDWLRQVPXVW
EH WDNHQ WRHQVXUHKLVRU KHU VDIHW\6HYHUDODVSHFWV VKRXOGEHFRQVLGHUHGHJ FXUUHQW OHYHOV LQSRZHU
FDEOHVVZLWFKLQJIUHTXHQFLHVULVHWLPHRIVZLWFKSXOVHVFDEOHSRVLWLRQLQJDQGVKLHOGLQJ7KH'(/,9(5
SURMHFWZLOOFRQFHQWUDWHRQLQYHVWLJDWLQJILHOGOHYHOVLQUHVSHFWWROHJLVODWLRQJXLGHOLQHVDQGUHFRPPHQGD
WLRQVDVGHVFULEHGDERYH,WZLOOQRWFRYHUWKHELRORJLFDOHIIHFWVWKHPVHOYHV
7KHOHJLVODWLRQDURXQG(0&(0,LQYHKLFOHVLVPRUHPDWXUH7KHILUVW(0&GLUHFWLYHIRUYHKLFOHVZDV
SXEOLVKHGLQDQGKDVEHHQXSGDWHGDQGDPHQGHGVHYHUDOWLPHV(OHFWULFYHKLFOHVGRKRZHYHUUDLVH
QHZSUREOHPVLQWKLVDUHDDVZHOO(VSHFLDOO\WKHVZLWFKLQJRIKLJKFXUUHQWVPD\FDXVHGLVWXUEDQFHVRQ
RWKHUHOHFWURQLFXQLWVLQWKHYHKLFOH$QRWKHUDVSHFWWKDWLVQHZWRYHKLFOH(0&LVWKHIDFWWKDWWKHYHKLFOH
LVFRQQHFWHGWRWKHPDLQSRZHUJULGGXULQJFKDUJLQJDQG(0&GLUHFWLYHVFRYHULQJKRXVHKROGDSSOLDQFHV
PXVWEHDGRSWHGDVZHOODVWKHYHKLFOHGLUHFWLYH
&RQVXPSWLRQHPLVVLRQVHIILFLHQF\DQGRSHUDWLRQFRVW
7RGD\WKHPDMRULW\RI/'9VDUHSRZHUHGE\LQWHUQDOFRPEXVWLRQHQJLQHV,&(VXVLQJPDLQO\GLHVHO
IXHO,QWKHFRQYHQWLRQDOSURFHVVGLHVHOLVUHILQHGIURPFUXGHRLO7KHSURFHVVIURPZHOOWRWDQNLVUHODWHG
WRIXUWKHUHQHUJ\FRQVXPLQJVWHSVZKLFKUHTXLUHWRDSSUR[LPDWHO\0-IRUHDFKPHJDMRXOHRIGLHVHO
WREHSURYLGHGDW WKHSXPS /DULYp7KHDYHUDJHGLHVHO IXHOFRQVXPSWLRQRIFXUUHQW ,&(GULYHQ
/'9VLVHVWLPDWHGZLWKONPLQXUEDQWUDIILFZKLFK LVHTXLYDOHQWWRDSSUR[LPDWHO\J&2NP
DQGDQHQHUJ\DPRXQWRIN:KNP
$VLQGLFDWHGLQ)LJGLHVHOHQJLQHVRQO\UHDFKDQHIILFLHQF\RIDERXWLQXUEDQWUDIILFVLQFHWKH
HQJLQHLVQRWRSHUDWHGDWRSWLPDOORDGFRQGLWLRQV7KLVPHDQVWKDWPRUHWKDQRIWKHHQHUJ\FRQWDLQHG
LQWKHIXHOFRQVXPHGGLVVLSDWHVDVKHDWZKLFKFDQRQO\EHXVHGDVDKHDWVRXUFHIRUWKHWKHUPDOPDQDJH
PHQWRIWKHYHKLFOHFDELQ1RWPRUHWKDQRIWKHHQHUJ\FRQWDLQHGLQWKHGLHVHOIXHOLVDFWXDOO\DYDLO
DEOHDVPHFKDQLFDOHQHUJ\DW WKHHQJLQHVKDIW7KLVHQHUJ\LVFRQVXPHGE\WKHWUDQVPLVVLRQWKH
DQFLOODU\XQLWVDQGXVHGWRRYHUFRPHWKHGULYLQJUHVLVWDQFHVVXFKDVDHURG\QDPLFGUDJUROO
LQJUHVLVWDQFHDQGDFFHOHUDWLRQUHVLVWDQFH+XFKR,W LV WKHUHIRUHDSSDUHQWWKDWGH
VSLWHWKHLPSURYHPHQWVLQGLHVHOHQJLQHHIILFLHQF\WKHHQJLQHVWLOORIIHUVWKHODUJHVWSRWHQWLDORIUHGXFLQJ
HQHUJ\FRQVXPSWLRQ
9HU\KLJK OHYHOVRIHIILFLHQF\FDQEHUHDFKHGE\HOHFWULFPRWRUV)LJ ULJKWVKRZV WKHHQHUJ\UH
TXLUHPHQWDQGHQHUJ\IORZIRUDQHOHFWULFYHKLFOHWKDWDFKLHYHVWKHVDPHSHUIRUPDQFHDVWKHGLHVHOHQJLQH
SRZHUHGYHKLFOHLQ)LJOHIW7KHILQDOHQHUJ\LQSXWQHFHVVDU\LVN:KRUN:KUHVSHFWLYHO\LI
UHFXSHUDWLRQLVFRQVLGHUHG7KLVLVDUHGXFWLRQRISULPDU\HQHUJ\UHTXLUHPHQWRILQFOXGLQJUHFXSHUD
WLRQ+RZHYHUWKHSURGXFWLRQRIHOHFWULFHQHUJ\LVUHODWHGWRHYHQKLJKHUORVVHVZLWKDQHIILFLHQF\RIRQO\
RU0-IRUHYHU\PHJDMRXOHRIHOHFWULFHQHUJ\DWWKHSOXJ7KRPSVRQ	+DVVDOO
(YHQWKHFRQVHUYDWLYHHYDOXDWLRQVKRZQLQ)LJFOHDUO\GHPRQVWUDWHVWKHEHQHILWVRIDQHOHFWULF/'9
LQWHUPVRIHQHUJ\FRQVXPSWLRQUHGXFWLRQ%DVHGRQWKHDVVXPSWLRQVPDGHDSULPDU\HQHUJ\FRQVXPSWLRQ
UHGXFWLRQRILVSRVVLEOH)URPDQHFRQRPLFSRLQWRIYLHZDUHGXFWLRQLQSULPDU\HQHUJ\UH
TXLUHPHQWUHVXOWVLQDUHGXFWLRQRIHQHUJ\FRVWRIDERXWDVVXPLQJDFXUUHQWDYHUDJHGLHVHOIXHOSULFH
RI¼OLWUHDQGDQDYHUDJHHOHFWULFHQHUJ\SULFHRI¼N:K,QDGGLWLRQWKHUHDUHEHQHILWVUHJDUG
LQJFRQJHVWLRQFKDUJHVDQGWD[HVLQFHUWDLQUHJLRQV
7KHDERYHUHGXFWLRQFRXOGEHKLJKHU LI UHDOGULYHF\FOHVRI/'9VLQXUEDQ WUDIILFDUHFRQVLGHUHG LQ
VWHDGRIWKH1('&VLQFHWKHVKDUHRIDFFHOHUDWLRQUHVLVWDQFHLVH[SHFWHGWREHKLJKHU OHDGLQJWRKLJKHU
OHYHOV RI HQHUJ\ VDYHG E\ UHFXSHUDWLRQ ,Q DGGLWLRQ IXUWKHU PHDVXUHV FRXOG EH DSSOLHG WR UHGXFH WKH
DPRXQWRIHQHUJ\UHTXLUHG WRRYHUFRPHWKHGULYLQJUHVLVWDQFHVRU ORZHU WKHHQHUJ\FRQVXPSWLRQRI WKH
DX[LOLDU\XQLWV:KHUHDV WKH ILUVW LV DOUHDG\H[SORLWHG WRD ODUJHH[WHQW VLQFH LW DSSOLHV WRFRQYHQWLRQDO
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YHKLFOHVLQWKHVDPHZD\WKHVHFRQGVWLOORIIHUVSRWHQWLDOVLQFHWKHKLJKYROWDJHV\VWHPLQVWDOOHGLQHOHF
WULFYHKLFOHVDOORZVDPRUHHIILFLHQWRSHUDWLRQ


)LJ(QHUJ\UHTXLUHPHQWDQGIORZLQ1('&IRUDOHIWGLHVHOHQJLQHEULJKWHOHFWULFYHKLFOH
7KLVOHYHORIHIILFLHQF\LVQRWVWUDLJKWIRUZDUGDVLWUHTXLUHVFRPSDUDEOHYHKLFOHVSHFLILFDWLRQVLQFOXG
LQJZHLJKW7KHHOHFWULFSRZHUWUDLQLVHVWLPDWHGWREHKHDYLHUWKDQWKH,&(SRZHUWUDLQDVVKRZQLQ)LJ
9HKLFOHZHLJKWKDV DPDMRU LQIOXHQFHRQ UROOLQJ UHVLVWDQFHZKLFK IRUPVWRJHWKHUZLWK WKH DFFHOHUD
WLRQUHVLVWDQFHWKH PDLQ GULYLQJ UHVLVWDQFHV ZLWKLQ XUEDQ WUDIILF7KHUHIRUH ERG\ OLJKWHQLQJ WHFKQLTXHV
ZLOOEHDSSOLHGWRKHOSDFKLHYHWKHYHKLFOHHIILFLHQF\JDLQVUHTXLUHG%DVHGRQWKLVDQGWDNLQJWKHOLPLWHG
HQHUJ\VWRUDJHFDSDFLW\RIHOHFWULFYHKLFOHVLQWRDFFRXQWLWFDQEHVWDWHGWKDWDZHLJKWUHGXFWLRQRQHOHF
WULF/'9VFDQOHDGWRDVLJQLILFDQWLQFUHDVHRIWKHYHKLFOHGULYLQJUDQJHRURIWKHQHWSD\ORDG
)XUWKHU ORZHULQJ WKH HQHUJ\ UHTXLUHPHQW WR RSHUDWH WKH YHKLFOH E\ZHLJKW UHGXFWLRQ KDV D VWURQJHU
HFRQRPLF LPSDFWGXH WR WKHKLJKEDWWHU\FRVW 0F.LQQRQ ,Q WKLV UHJDUG WKH6XSHU/,*+7&$5
SURMHFW*RHGHHWDOSURYLGHGRQHRIWKHEURDGHVWUHFHQWRYHUYLHZVLQOLJKWZHLJKWGHVLJQRIPDVV
SURGXFHG YHKLFOHV 3UHOLPLQDU\ VWXGLHV SHUIRUPHG E\(FNVWHLQ HW DO )LJ  KDYH VKRZQ WKDW IRU VXFK
YHKLFOHVWKHDGGLWLRQDOOLJKWZHLJKWFRVWFDQEHDVKLJKDV¼SHUNLORJUDPRIZHLJKWVDYHGRSHQLQJ
XSSRWHQWLDO DSSOLFDWLRQVRI WHFKQRORJLHV QRWFRQVLGHUHG IHDVLEOH IRUFRPEXVWLRQHQJLQHPDVVSURGXFHG
FDUV DGYDQFHGFRPSRVLWHVZLGHVSUHDGXVHRIKLJKSHUIRUPDQFHDOXPLQLXPDQGVWHHO JUDGHV DGYDQFHG
FRPELQDWLRQVRIVXFKPHWDOSDUWVZLWKFDUERQILEUHUHLQIRUFHGORFDOUHLQIRUFHPHQWVHWF


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
)LJ'ULYHWUDLQZHLJKWFRPSDULVRQ
$QRWKHUDGYDQWDJHRIWKHHOHFWULFGULYHWUDLQLVWKHUHFXSHUDWLRQFDSDELOLW\YLDUHJHQHUDWLYHEUDNLQJ
)RUWKHH[DPSOHVKRZQLQ)LJZLWKDUHFXSHUDWLRQUDWHRIN:KRIHQHUJ\FDQEHVDYHG5H
JHQHUDWLYHEUDNLQJLVKRZHYHUOLPLWHGE\GULYHUFRPIRUW$KLJKHQHUJ\UHFXSHUDWLRQUDWHGHPDQGV³DJ
JUHVVLYH´UHJHQHUDWLYHEUDNLQJEHKDYLRXULQDZD\WKDWWKHGULYHUPLJKWEHH[SRVHGWRDKLJKGHFHOHUDWLRQ
ZKHQKHOLIWVKLVIRRWIURPWKHDFFHOHUDWLRQSHGDO7KLVFRXOGEHDGGUHVVHGE\GHVLJQLQJWKHRYHUUXQGH
FHOHUDWLRQ WREHQHDUHU WR D FRQYHQWLRQDO ,&(YHKLFOHEXW WKH ILUVW SDUW RI EUDNHSHGDOGHFHOHUDWLRQ UH
TXHVWHGE\WKHGULYHULVDOVRDFKLHYHGE\UHJHQHUDWLYHPHDQV


)LJ$OORZDEOHFRVWSHUNJZHLJKWVDYLQJIRUGLIIHUHQWEDWWHU\V\VWHPVFRVWV(FNVWHLQHWDO
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$QRWKHUNQRZQLVVXHRIUHJHQHUDWLYHEUDNLQJKDVWRGRZLWKWKHSRWHQWLDOQXPEHURIDFWLQJLQZKHHOPR
WRUV,QVRPHFDVHVUHJHQHUDWLYHEUDNLQJLVRQO\DSSOLHGWRWKHOLPLWHGQXPEHURIZKHHOVZLWKPRWRUVDQG
WKHUHIRUHFDUULHVWKHGDQJHURIZKHHOORFNLQWKHHYHQWRIORZW\UHIULFWLRQ$Q$%6V\VWHPZRXOGVXE
VWDQWLDOO\UHGXFHWKHUDWHRIHQHUJ\UHFXSHUDWLRQ
0RWRUDQGGULYHWUDLQFRPSRQHQWV
7KHPDLQ FODVVHVRIPRWRUV VHULRXVO\ FRQVLGHUHG IRU(9GULYHWUDLQV DUHEUXVKOHVV'&PRWRUV DV\Q
FKURQRXV PRWRUV DQG V\QFKURQRXV PRWRUV VHOIH[FLWHG DQG H[WHUQDOH[FLWHG ,W LV DW WKH PRPHQW QR
ORQJHUH[SHFWHGWKDW'&EDVHGEUXVKHGPRWRUVZLOOEHXVHGLQIXWXUH(9V


)LJ(OHFWULFPRWRUVFKDUDFWHULVWLFV9DOHQWLQH8UEVFKDWHWDO
6WDQGDUGHOHFWULFSRZHUWUDLQVDUHEDVHGRQDFHQWUDOHOHFWULFPRWRUDVVRFLDWHGWRDJHDUVHWDGLIIHUHQ
WLDO DQGKDOIVKDIWV ,QZKHHOPRWRUV RUPRWRULVHGZKHHOVDUHDQDOWHUQDWLYH VROXWLRQ LQYHVWLJDWHG LQ
GLIIHUHQWYHUVLRQVE\FDUPDQXIDFWXUHUVDQGHTXLSPHQWVXSSOLHUV7KH\DUHRIWZRPDLQW\SHV

x 'LUHFWWRUTXHPRWRUZLWKRXWJHDUUDWLRKHDYLHUDQGKLJKXQVSUXQJPDVVSUHFOXGLQJWKHFRUUHFWKDQ
GOLQJ
x +LJKVSHHGPRWRUZLWKLQWHJUDWHGJHDUVHWLQWKHZKHHOOLJKWHUDQGOLPLWHGXQVSUXQJPDVV

6ROXWLRQVRIPRWRULVHGZKHHOVDQGDFWLYHZKHHOVDUHQRZXVHGLQIXQGHG5	'SURMHFWVRURWKHUFRO
ODERUDWLYH SURMHFWV ZLWK GLIIHUHQW DXWRPRWLYH 2(0V 6HYHUDO ODUJH FRPSDQLHV DPRQJ ZKLFK WKH '(
/,9(5SDUWQHU0LFKHOLQLVDUHSURSRVLQJPRWRULVHGDQGRUDFWLYHZKHHOVIRUGLIIHUHQWDSSOLFDWLRQVIURP
WKHVPDOOXUEDQFDUXSWRDPFLW\EXVLQFOXGLQJOLJKWGXW\YHKLFOHV
7UDQVPLVVLRQVLQHOHFWULFFDUVFDQEHGLIIHUHQWWKDQFRQYHQWLRQDOYHKLFOHV(OHFWULFPRWRUVJLYHPD[L
PXPWRUTXHVWDUWLQJIURPUSPSURYLGLQJSRZHUIXODFFHOHUDWLRQHYHQDWYHU\ORZVSHHGVLQFRQWUDVWWR
,&(V7KLVKLJKVWDUWLQJ WRUTXHDQGKLJKPD[LPXPURWDWLRQDO VSHHGRI WKHHOHFWULFPRWRUJLYHVHQRXJK
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DFFHOHUDWLRQ WRPRYH WKHYHKLFOHZLWKRXW WKHQHHG IRUJHDUV$ VLQJOHJHDU WUDQVPLVVLRQFDQEHXVHG LQ
(9VLVVPDOOHUFKHDSHUDQGHDVLHUWRLQWHJUDWHZLWKWKHGULYHWUDLQDQGLVDOUHDG\XVHGIRUH[DPSOHLQWKH
IRUPHU02'(&WRQQHGHOLYHU\WUXFNDQGWKH7HVOD5RDGVWHU
%DWWHU\DQGSRZHUHOHFWURQLFV
$WSUHVHQWWKHUHDUHGLIIHUHQWEDWWHU\WHFKQRORJLHVRQWKHPDUNHWWKHPRVWUHOHYDQWRQHVEHLQJ
x /HDGDFLGEDWWHULHV±ORZFRVWXVHGPRVWO\LQ,&(YHKLFOHV
x 1L0+EDWWHULHV±KLJKHUHQHUJ\GHQVLW\XVHGLQVRPHK\EULGFDUV
x /L,RQEDWWHULHV±KLJKHUSRZHUDQGHQHUJ\FXUUHQWO\H[SHQVLYHSUHIHUUHGLQ(9V

&RPSDULQJWKHPDWXULW\DQGDSSOLFDELOLW\RIWKHGLIIHUHQWW\SHVRIDYDLODEOHEDWWHULHVV\VWHPVEDVHGRQ
/LWKLXPLRQ VHHP WREH WKHPRVW SURPLVLQJRQHV IRUXVH LQ HOHFWULF/'9V2XW RI WKHSUROLILF H[LVWLQJ
ELEOLRJUDSK\GHGLFDWHGWRWKHLVVXH WKHPDWHULDOVPRVWOLNHO\WREHXVHGLQDEDWWHU\±FRQVLGHULQJFRVW
VHFXULW\HQHUJ\GHQVLW\DQGRWKHULPSRUWDQWIHDWXUHV±DUHJUDSKLWHKDUGFDUERQIRUWKHDQRGHDQG/LWK
LXP,URQ3KRVSKDWH/)31LFNHO0DQJDQHVH&REDOW2[LGH10&DQG/LWKLXP0DQJDQHVH6SLQHOW\SH
2[LGH/02IRUWKHFDWKRGHDVZHOODVRWKHUPDWHULDOVVXFKDV/LWKLXP7LWDQDWH/72IRUDQRGHVRU
/LWKLXP0DQJDQHVH3KRVSKDWH/03DVFDWKRGHV


)LJ%DWWHU\WHFKQRORJ\SHUIRUPDQFH5LFDUGR
0RVWRIWKHV\VWHPVXVLQJEDWWHULHVUHTXLUHDFHUWDLQQXPEHURIFHOOVFRQQHFWHGLQVHULHVDQGSDUDOOHOLQ
RUGHUWRDFKLHYHWKHGHVLUHGYROWDJHVDQGFXUUHQW$EDWWHU\PDQDJHPHQWV\VWHP%06SURYLGHVLQIRUPD
WLRQFRQFHUQLQJWKHVWDWHRIFKDUJH62&ZKLFKLVWKHUHPDLQLQJFKDUJHLQWKHFHOOVDQGVWDWHRIKHDOWK
62+ZKLFKLVWKHFDSDFLW\RIWKHFHOOVDWDJLYHQWLPHFRPSDUHGWRWKDWZKHQWKH\ZHUHQHZ,WWKHUH
IRUHSHUIRUPVDVDFHOOEDODQFLQJV\VWHPHQVXULQJWKDW
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x $OOWKHFHOOVVKRXOGEHNHSWLQWKHVDPH62&LQVXFKDZD\WKDWWKHFDSDFLW\RIWKHUHVXOWLQJPRGXOHRU
EDWWHU\SDFNLVQRWUHGXFHGGXHWRDZHDNFHOOWKDWUHDFKHVWKHFXWRIIYROWDJHVRRQHUWKDQWKHUHVWRU
WRDQLQFRPSOHWHFKDUJHFDXVHGE\DFHOOZLWKDYROWDJHKLJKHUWKDQWKHRWKHUV
x 1RFHOOLVRYHUFKDUJHGRUGLVFKDUJHGGXHWRWKHHOHFWURFKHPLFDOLQHTXDOLWLHVRIWKHFHOOVLQKHUHQWWR
WKHPDQXIDFWXULQJSURFHVVRUWRXQHYHQZRUNLQJRUEDODQFLQJFRQGLWLRQV

7KHRSHUDWLRQRIEDWWHULHVGHSHQGVRQDQHOHFWURFKHPLFDOSURFHVVIRUERWKFKDUJLQJDQGGLVFKDUJLQJ
DQGLWLVZLGHO\NQRZQWKDWWKHVHFKHPLFDOUHDFWLRQVDUHVLJQLILFDQWO\GHSHQGHQWRQWHPSHUDWXUH$WKHU
PDO PDQDJHPHQW V\VWHP 706 LV RIWHQ UHTXLUHG WRPDLQWDLQ WKH FHOOV ZLWKLQ D VSHFLILHG WHPSHUDWXUH
UDQJHHJ&WR&0DLQLVVXHVLQWKLVFRQWH[WDUH

x 'LVFKDUJHWLPHDQGWKHUHIRUHFDSDFLW\GHFUHDVHVDWORZHUWHPSHUDWXUHVDQGWKHQXPEHURIFKDUJH
DQGGLVFKDUJHF\FOHVLVUHGXFHGZKHQZRUNLQJDWKLJKHUWHPSHUDWXUHV
x 7KHUPDOUXQDZD\XQFRQWUROOHGWHPSHUDWXUHLQFUHDVHLQWKHFHOOVVLQFHGDQJHURXVDPRXQWVRIIODP
PDEOHJDVHVDQGRUWR[LFFKHPLFDOVFDQEHUHOHDVHGDQGHYHQHQGXSLQDQH[SORVLRQ

,QRUGHUWRFRROGRZQRUKHDWXSWKHFHOOVGLIIHUHQWV\VWHPVFDQEHXVHGEHLQJDLURUOLTXLGFRROLQJWKH
PRVW XVXDO FKRLFHV 7R UHDOLVH VDIHU EDWWHULHV H[WHQVLYH UHVHDUFK RQ EDWWHU\ FKHPLVWU\ LV XQGHU ZD\
0RGLILFDWLRQVWRWKHEDWWHU\FKHPLVWU\E\LQWURGXFWLRQRIWKHUPDOUXQDZD\LQKLELWRUVLQ/LWKLXPEDWWHU\
HOHFWURO\WHVKDYHEHHQVKRZQWRLPSURYHEDWWHU\VDIHW\E\SUHYHQWLQJSRWHQWLDOILUHDQGH[SORVLRQ0DQ
GDO
%DWWHU\PRGXOHV VKRXOG EH GHVLJQHG LQ RUGHU WR DYRLG FRQGLWLRQV OHDGLQJ WR VKRUWFLUFXLWLQJ IRUFHG
RYHUFKDUJLQJGLVFKDUJLQJ RYHUKHDWLQJ RU RWKHU NQRZQ IDLOXUH FRQGLWLRQV 7KLV FDQ EH DFFRPSOLVKHG
WKURXJKSURSHUGHVLJQDQGXVHRISURWHFWLYHGHYLFHVVXFKDV IXVHV WKHUPDO VZLWFKHVKHDWVLQNVDQGGL
RGHV
,QDGGLWLRQWRWKHPRWRUDQGWKHEDWWHU\LWVHOIIXUWKHUHOHFWULFDOSDUWVDUHUHTXLUHGXVXDOO\UHIHUUHGWRDV
SRZHUHOHFWURQLFV7KHVHLQFOXGHHOHFWURQLFVWKDWDOORZFKDUJLQJWKHEDWWHU\IURPWKHH[WHUQDOZRUOGLH
FKDUJHUHOHFWURQLFVWKDWFRQYHUWWKHEDWWHU\'&KLJKYROWDJHLQWRXVDEOH$&YROWDJHIRUWKHHOHFWULFPR
WRULHLQYHUWHUDQGHOHFWURQLFVWRWUDQVIRUPWKHKLJKYROWDJHVRPHKXQGUHGYROWVLQWRWKHW\SLFDOERDUG
QHWYROWDJHLH'&'&FRQYHUWHU7KH LQWHJUDWLRQRIDOO WKLV LQWR WKHFRPSOHWHKLJKYROWDJHERDUGQHW
ZKLOHHQVXULQJ(0,(0&VDIHW\UHOLDELOLW\HWFLVDSUHVHQWDQGIXWXUH5	'HQJLQHHULQJIRFXVLQWKH
ILHOGRI SRZHU HOHFWURQLFV)RU WKH VFRSHRI WKH'(/,9(5SURMHFW FRPSOHWHSRZHU HOHFWURQLFVZLOO EH
VRXUFHGIURPHVWDEOLVKHGPDQXIDFWXUHUVDQGLQWHJUDWHGLQWKHSURWRW\SHYHKLFOH
2WKHUFRPSRQHQWV
$X[LOLDULHVDQGRWKHUV\VWHPVRIWKHFDUQHHGWREHXSJUDGHGRUPRGLILHGWRIXQFWLRQXVLQJWKHSRZHU
RIDQHOHFWULFPRWRULQVWHDGRIDQ,&(VXFKDVWKHEUDNLQJDQGVWHHULQJV\VWHPVWKHKHDWLQJYHQWLODWLQJ
DQG DLU FRQGLWLRQLQJ +9$& V\VWHP WKHPRWRU DQGEDWWHU\ FRROLQJ V\VWHPV DQG WKH HOHFWULFDOZLULQJ
2WKHUDX[LOLDU\V\VWHPVLQFDUVWKDWGRQRWQHFHVVDULO\QHHGWREHUHGHVLJQHGDUHWKHOLJKWVDQGWKHQDYLJD
WRUHQWHUWDLQPHQWV\VWHP6LQFHDOO WKHVHV\VWHPVQHHGSRZHU WRIXQFWLRQ WKH\ZLOO UHTXLUHDSRUWLRQRI
WKHEDWWHU\FDSDFLW\ WKHUHIRUHDIIHFWLQJWKHUHDOOLIHUDQJHRIWKHYHKLFOH&XUUHQWUHVHDUFKHIIRUWDURXQG
WKH ZRUOG LV DLPLQJ LQ PLQLPLVLQJ WKH HQHUJ\ FRQVXPSWLRQ RI WKH DX[LOLDU\ V\VWHPV HJ XVLQJ /('
OLJKWV3RWHQWLDODFKLHYHPHQWVZLOOWKHUHIRUHEHLQJWDNHQLQWRDFFRXQWZKLOHH[SORULQJDGGLWLRQDOHQHUJ\
VDYLQJVWKURXJKRXWWKHFRXUVHRIWKHSURMHFW
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$SSURDFK
,Q DGGLWLRQ WR WKH DIRUHPHQWLRQHG VSHFLILF DSSURDFKHV WKH'(/,9(5SURMHFW IRFXVHV RQ LQQRYDWLYH
HOHFWULF/'9FRQFHSWVIRUPDVVDSSOLFDWLRQE\DQGVXEVWDQWLDOPDUNHWSHQHWUDWLRQE\EDVHGRQ
WKHHQDEOLQJWHFKQRORJLHVDQGPDUNHWGHPDQGVWKDWFDQEHH[SHFWHGE\WKHQFIFKDSWHU$VVXFKWKH
SURMHFWGRHVQRWZRUNRQYHKLFOHFRQFHSWVGXHIRUPDUNHWLQWURGXFWLRQLQWKHSHULRGILUVWJHQ
HUDWLRQHOHFWULF/'9VPRVWO\GHULYDWLYHVRIWUDGLWLRQDO/'9VQRUGRHVLWZRUNRQFRQFHSWVGXHWRHQWHU
LQWRWKHPDUNHWLQWKHSHULRGVHFRQGJHQHUDWLRQHOHFWULF/'9VDVERWKWKHVHJHQHUDWLRQVDUH
DOUHDG\XQGHUZD\LQDXWRPRWLYHLQGXVWU\DQGWKHUHIRUHFDQQRWFRQVWLWXWHDUHDOLVWLFSUHFRPSHWLWLYHVXE
MHFWRIFROODERUDWLYH5	'$VDQDGGLWLRQDOFRQVLGHUDWLRQWKH'(/,9(5SURMHFWWDNHVWKLVSHUVSHFWLYHWR
PDNH VXUH WKDW LWV UHVXOWV GXH LQ FDQ DFWXDOO\EH DGRSWHGXS LQWR IXQGDPHQWDOO\ QHZ UHDO VHULHV
HOHFWULF/'9SUHGHYHORSPHQWSURMHFWVVWDUWLQJIURPOHDGLQJWRODUJHVFDOHPDUNHWLQWURGXFWLRQVE\
$FFRUGLQJO\LWLVH[SHFWHGWKDWGHGLFDWHGODUJHVFDOHSURGXFWLRQYROXPHVFDQEHUHDFKHGIRUHOHF
WULF/'9E\7KLVPDNHVWKH'(/,9(5ILQGLQJVDSSOLFDEOHWRPDLQVWUHDPVHULHVYHKLFOHPDQXIDF
WXULQJUDWKHUWKDQQLFKHPDUNHWLQWHUPHGLDWHVROXWLRQVDQGOHDGLQJWRPDUNHWSHQHWUDWLRQE\
)XWXUHHOHFWULF/'9VZLOOEHGLIIHUHQWIURPWRGD\¶V,&(GULYHQ/'9VLQVHYHUDOZD\VGLIIHUHQWHQD
EOLQJWHFKQRORJLHVDQGFRPSRQHQWVGLIIHUHQWORJLVWLFVFRQFHSWVLQZKLFKWKH\RSHUDWHDQGGLIIHUHQWPDU
NHWGHPDQGVGLIIHUHQWVDIHW\DQGKHDOWKLVVXHVDQGGLIIHUHQWXVHVFHQDULRV7KHPRVWIXQGDPHQWDOFKDQJH
LQ SURSXOVLRQ WHFKQRORJ\ VLJQLILHV QHZ FRPSRQHQWV WR LQWHJUDWH HJ EDWWHU\ LQYHUWHU DQG HOHFWULF
GULYHWUDLQZKLOHRWKHUVEHFRPHREVROHWHHJIXHOWDQNH[KDXVWV\VWHPDQG,&(2QHRIWKHPRVWDG
YDQFHG DQG QRYHO FRQFHSWV H[SORLWLQJ WKH VSHFLILFV RI HGULYH IRUP DQG VL]H IDFWRUV LV WKDW RI WKH LQ
ZKHHOPRWRUV$OO WKHVH FKDQJHV FRPELQHG RSHQ XS QHZ IUHHGRP DQG QHZ FRQVWUDLQWV LQ GHVLJQ DQG
HQDEOHDQGUHTXLUHQHZYHKLFOHFRQFHSWV2QO\LIWKHVHFKDQJHGGHVLJQIUHHGRPVDVZHOODVFKDQJHVLQ
IXWXUHPDUNHWGHPDQGDQGVHJPHQWDWLRQDUHWDNHQLQWRDFFRXQWLQDSXUSRVHGHVLJQDSSURDFKRIHOHFWULF
YHKLFOHVWKHIXOODGYDQWDJHRIWKHEHQHILFLDOFKDUDFWHULVWLFVRIHOHFWULFGULYHVZLWKUHJDUGWRJUHHQHFRQ
RP\ZLOOEHUHDOLVDEOH
5HJDUGLQJWKHIDVWDQGVWLOOXQFHUWDLQHYROXWLRQLQVRPHDVSHFWVUHYROXWLRQRIHQDEOLQJWHFKQRORJLHV
VXFK DV ILUVW DQG IRUHPRVW EDWWHULHV EXW DOVR HOHFWULFPDFKLQHV DX[LOLDU\ FRPSRQHQWV UHGXFHG HQHUJ\
FRQVXPSWLRQKHDWLQJ	FRROLQJHQHUJ\UHFRYHU\WHFKQRORJLHVLWLVUHFRJQLVHGWKDWHDFKRIWKHPLVFRY
HUHGE\FRPSOHPHQWDU\(8DQGQDWLRQDOO\IXQGHGSURMHFWV7KH'(/,9(5SURMHFWZLOOWDSLQWRWKHODUJH
PDMRULW\RIWKHVHSURMHFWVDVSURMHFWSDUWQHUVKDYHEHHQDQGDUHFXUUHQWO\SDUWLFLSDWLQJLQVHYHUDORIWKHVH
FRPSOHPHQWDU\ SURMHFWV7KHUHIRUH WKH'(/,9(5SURMHFW WHDPKDV FRQVLGHUHG LW SUHIHUDEOH WR QRW LQ
FOXGH5	'RQHQDEOLQJWHFKQRORJLHVRUVXEV\VWHPVDVDOORIWKHVHDUHDOUHDG\VXEMHFWRIVXEVWDQWLDOGHGL
FDWHGUHVHDUFK$VWURQJUHODWLRQVKLSZLOOEHGUDZQZLWKWKH(/9$SURMHFW/HVHPDQQHWDOWKDWLV
IRFXVVLQJRQDUFKLWHFWXUHVIRUXUEDQSDVVHQJHU(9V2WKHUSURMHFWVZLWKKLJKUHOHYDQFHLQFOXGH&LW\/2*
=XFRWWLHWDODQG&LW\029(%XU]LRHWDOZKLFKIRFXVRQFLW\ORJLVWLFVPDQDJHPHQWDQG
LQWHJUDWHGORJLVWLFYHKLFOHVROXWLRQVUHVSHFWLYHO\
'(/,9(5FRQFHSWDQGGHVLJQDSSURDFK
7RGD\¶VGHVLJQSUDFWLFHVDQGUXOHVFDQQRWH[SORLWWKHIXOOSRWHQWLDORIWKHQHZWHFKQRORJLHVEHFRPLQJ
DYDLODEOHIRUHOHFWULF/'9V,QWKHLUILUVWJHQHUDWLRQJHQHUDOO\WKHVDPHYHKLFOHDUFKLWHFWXUHVFKDVVLVDQG
ERG\ZRUNDVDFRQYHQWLRQDOO\SRZHUHGYHKLFOHDUHEHLQJXVHGDQGDGGLWLRQDOFRPSRQHQWVUHTXLUHGE\WKH
HOHFWULF GULYHWUDLQ DUH VLPSO\ LQFRUSRUDWHG LQ XQRFFXSLHG DUHDV ZLWKLQ WKH YHKLFOH 7KLV DSSURDFK LV
WHUPHG³FRQYHUVLRQGHVLJQ´DQGDOWKRXJKFRPSUHKHQVLEOHIRUWKHFXUUHQWUHODWLYHO\ORZSURGXFWLRQYRO
XPHRIHOHFWULF/'9VWKHUHVXOWLVVLJQLILFDQWO\OHVVWKDQRSWLPDOLQWHUPVRISHUIRUPDQFHOD\RXWHUJR
QRPLFVDQGVDIHW\&RUUHVSRQGLQJO\VLJQLILFDQWLPSURYHPHQWLQWKHHIILFLHQF\DQGDWWUDFWLYHQHVVRIHOHF
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WULF/'9V LV SRVVLEOH E\ GHYHORSLQJ DQG DSSO\LQJ D QHZ ³SXUSRVH GHVLJQHG´ DSSURDFK IRU WKH YHKLFOH
DUFKLWHFWXUHDQGVWUXFWXUH
7KH'(/,9(5 SURMHFW FRYHUV WKH HQWLUH GHVLJQ F\FOH VWDUWLQJZLWK WKH HVWDEOLVKPHQW RI VHWV RI UH
TXLUHPHQWVDQGWKHOLNHO\WUDGHRIIVWKDWQHHGWREHPDGHLQWKHIUDPHZRUNRIWKHHOHFWULFYHKLFOH
FRPSRQHQWDQGFRVWOHYHOVUHDOLWLHVWDNLQJLQWRDFFRXQWDOVRGHWDLOHGNQRZOHGJHRIFXVWRPHUSUHIHUHQFHV
VRXUFHGIURPRWKHUSURMHFWV ,W IXUWKHUFRYHUV LQLWLDO URXJKGHVLJQSKDVHVWUDQVODWLQJUHTXLUHPHQWV LQWR
VNHWFKHVOD\RXWVDQGWKHLUWUDQVODWLRQLQWRYHKLFOHFRQFHSWV,WSURFHHGVZLWKDEHVWVHOHFWHGFRQFHSWDQG
GHYHORSVWKLVIXUWKHULQWRDSK\VLFDOSURWRW\SHYHKLFOHFRPELQHGZLWKDGHWDLOHGYLUWXDOYHKLFOHPRGHOWKDW
DOORZV YLUWXDO DQG SK\VLFDO TXDQWLWDWLYH SHUIRUPDQFH DVVHVVPHQW RQ D UDQJH RI SHUIRUPDQFH LQGLFDWRUV
HQHUJ\ HIILFLHQF\ G\QDPLF	 VWDWLF VWUXFWXUDO SHUIRUPDQFH DFWLYH	SDVVLYH VDIHW\ HFRQRP\ERWK LQ
SURGXFWLRQDQG LQXVH VXVWDLQDELOLW\ERWK LQSURGXFWLRQDQG LQXVHHUJRQRPLFV UDQJHZHLJKWHWF$Q
RSWLPLVHGGHVLJQDSSURDFKZLOODOORZPDLQWDLQLQJFRVWHIIHFWLYHQHVVFRPIRUWDQGGULYLQJSHUIRUPDQFHDV
ZHOO DVPD[LPL]LQJ HQHUJ\ HIILFLHQF\RI WKH FRPSOHWHYHKLFOH WDNLQJ LQWR DFFRXQWERXQGDU\ FRQGLWLRQV
VXFKDVFUDVKZRUWKLQHVVDHURG\QDPLFVHUJRQRPLFVDQG(0,(0&DVSHFWV
7KHVSHFLILFREMHFWLYHVRIWKH'(/,9(5SURMHFWDUH

x ([SORUHDQGLGHQWLI\DEURDGUDQJHRIFRQFHSWXDOGHVLJQRSWLRQVLQDVWUXFWXUHGDQGZHOOGRFXPHQWHG
GHYHORSPHQWRIHOHFWULFOLJKWXUEDQGHOLYHU\YHKLFOHFRQFHSWVDUFKLWHFWXUHVDQGWKHLUPRGXODUVWUXFWXUH
XVLQJDV\VWHPDWLFDQGKROLVWLFDSSURDFK
x 2QHGHWDLOHGYHKLFOHFRQFHSWEXLOWLQWRDGULYLQJYHKLFOHZKLFKZLOOEHHQDEOHGE\DQGVSHFLILFDOO\
GHVLJQHGWRXWLOLVHWKHRSWLPLVHGFRPSRVLWLRQDQGLQWHJUDWLRQRIVXEV\VWHPV7KLVZLOOEHTXDQWLWD
WLYHO\DVVHVVHGRQDOONH\SHUIRUPDQFHSDUDPHWHUVXVLQJSK\VLFDOUHDOOLIHWHVWLQJLQFRPELQDWLRQZLWK
KLJKO\DFFXUDWHVLPXODWLRQWRROV7KHSURWRW\SHGYHKLFOHZLOODOVREHXVHGWRVWLPXODWHWKHGLDORJXHEH
WZHHQUHOHYDQWVWDNHKROGHUVRIXUEDQGHOLYHU\V\VWHPVFLWLHVSRVWDOVHUYLFHVFRPSDQLHVYHKLFOHDQG
FRPSRQHQWPDQXIDFWXUHUVDERXWWKHQHHGVDQGSRVVLELOLWLHVRIDPRUHVXVWDLQDEOHIXWXUH
x (YLGHQFHEDVHGGHVLJQSUDFWLFHVUXOHVIUHHGRPV	OLPLWDWLRQVIRUXUEDQHOHFWULFGHOLYHU\YHKLFOHV
DJUHHGXSRQE\PDMRU(XURSHDQ2(0VDQGRWKHUUHOHYDQWVWDNHKROGHUVPDNLQJIXOOXVHRIWKHFKDQJH
LQGHVLJQOLPLWDWLRQVFRPSDUHGWRLQWHUQDOFRPEXVWLRQHQJLQHGULYHQYHKLFOHV

7KHSURMHFWDLPV WRGHYHORSDQRSWLPLVHGHOHFWULF/'9FRQFHSWYHKLFOHDUFKLWHFWXUH LQWHJUDWLQJDQG
RSWLPLVLQJDOOVXEV\VWHPVUHOHYDQWWRHQHUJ\HIILFLHQF\DQGWRRWKHUNH\HQGXVHUUHTXLUHPHQWVLQFOXGLQJ
DIIRUGDELOLW\7KHSURMHFWDLPVWRGRWKLVXVLQJDKLJKO\UHDOLVWLFPHWKRGRIGHVLJQUHVHDUFKLHH[SORULQJ
WKHEHVWGHVLJQDSSURDFKHVDQGFRQFHSWXDOL]LQJDKLJKO\RSWLPL]HGHOHFWULF/'9WKDWDW WKHHQGRI WKH
SURMHFW LV SURWRW\SHG LQWR D GULYLQJ YHKLFOH 7KH SURMHFW IXUWKHUPRUH DLPV WR FRQQHFW FORVHO\ZLWK WKH
ILQDOXVHUVRIXUEDQ/'9VDQGGHFLVLRQPDNHUVIRUXUEDQWUDIILFUHJXODWLRQLQRUGHUWRHQVXUHWKDWWKHUH
VXOWLQJRSWLPLVHGFRQFHSWLVQRWMXVWWKHEHVWFRPSURPLVHUHJDUGLQJWKHHQHUJ\HIILFLHQF\SHUVSHFWLYHEXW
DOVRIURPWKHSHUVSHFWLYHRIPDMRUVWDNHKROGHUVOLNHFLWLHV WKHYHKLFOHRZQHURUWKHGULYHURSHUDWRUWKDW
QHHGVWRZRUNZLWKWKHVHYHKLFOHVRQDYHUDJHDWOHDVWHLJKWKRXUVDGD\
&RQFOXVLRQDQGRXWORRN
(OHFWULFOLJKWGXW\YHKLFOHVRIIHUJUHDWLPSURYHPHQWVLQXUEDQFLW\ORJLVWLFVDVWKH\DUHDEOHWRUHGXFH
ORFDOHPLVVLRQVVXFKDVH[KDXVWVDQGQRLVH+RZHYHULQRUGHUWRIXOO\H[SORLWWKHSRWHQWLDORIWKHHOHFWULF
GULYHWUDLQSXUSRVHGHVLJQDUFKLWHFWXUHVDUHUHTXLUHGZKLFKJREH\RQGWKHFXUUHQWO\DYDLODEOHVROXWLRQVWKDW
DUHEDVHGRQDFRQYHUVLRQRIRULJLQDOO\,&(GULYHQYHKLFOHV
7KLVSDSHUKDVVXPPHGXSWKHWDNHRIISRLQWIRUWKH'(/,9(5SURMHFWE\RXWOLQLQJWKHFXUUHQWVWDWH
RIWKHDUW LQ DOO DUHDVZKLFK DUH UHOHYDQW WR WKHGHYHORSPHQWRI WKH'(/,9(5FRQFHSW0DUNHWUHODWHG
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DVSHFWV VXFKDVXUEDQ ORJLVWLFPRGHOVDQGGHYHORSPHQWVZLOO LQFRUSRUDWHG LQ WKHFRQFHSWDVZHOO DVGL
UHFWO\WHFKQRORJ\UHODWHGRQHV7KLVHPEUDFHVDUFKLWHFWXUHVVWUXFWXUHVHOHFWULF	HOHFWURQLFVDQGXVDELO
LW\WRQDPHRQO\DIHZ,QWKHHQGDIXOO\IXQFWLRQDOSURWRW\SHRIWKHYHKLFOHZLOODOORZDQDVVHVVPHQWRI
DOOUHOHYDQWYHKLFOHDWWULEXWHVZLWKHQHUJ\HIILFLHQF\EHLQJWKHPRVWLPSRUWDQW
7KHSURMHFWKDVVWDUWHGLQ1RYHPEHUDQGZLOOODVWIRUPRQWKV$VLWLVDSXEOLFIXQGHGSURMHFWLW
ZLOO EH RSHQ WR WKH SXEOLF E\ SXEOLVKLQJ ODWHVW GHYHORSPHQWV DQG UHVXOWV RQ WKH SXEOLF ZHEVLWH
ZZZGHOLYHUSURMHFWRUJ
$FNQRZOHGJHPHQW
7KH'(/,9(5SURMHFW LV FRRUGLQDWHG E\)RUVFKXQJVJHVHOOVFKDIW.UDIWIDKUZHVHQPE+$DFKHQ IND
IRUWKH,QVWLWXWHIRU$XWRPRWLYH(QJLQHHULQJLNDRI5:7+$DFKHQ8QLYHUVLW\3DUWQHUVIURPWKHLQGXV
WULDOVLGHLQWKLVMRLQWSURMHFWDUH)LDW+3/3URWRW\SHV/LEHUW\(7HFK0LFKHOLQDQG9RONVZDJHQ7KH
FRQVRUWLXP LV VXSSOHPHQWHGE\637HFKQLFDO5HVHDUFK ,QVWLWXWHRI6ZHGHQDQG32/,6 WKHQHWZRUNRI
(XURSHDQFLWLHVDQGUHJLRQVIRULQQRYDWLYHWUDQVSRUWVROXWLRQV
7KH UHVHDUFK OHDGLQJ WR WKHVH UHVXOWV UHFHLYHV IXQGLQJ IURP WKH (XURSHDQ &RPPXQLW\
V 6HYHQWK
)UDPHZRUN3URJUDPPH)3
7KLVSXEOLFDWLRQVROHO\UHIOHFWVWKHDXWKRU¶VYLHZV7KH(XURSHDQ&RPPXQLW\LVQRWOLDEOHIRUDQ\XVH
WKDWPD\EHPDGHRIWKHLQIRUPDWLRQFRQWDLQHGKHUHLQ
5HIHUHQFHV
%XU]LR*HWDO&LW\029(SURMHFW>:::VLWH@85/ZZZFLW\PRYHSURMHFWHX

(FNVWHLQ/HWDO/HLFKWEDXEHL(OHNWURIDKU]HXJHQ$7=$XWRPRELOWHFKQLVFKH=HLWVFKULIWYRO:LHVEDGHQ
6SULQJHU$XWRPRWLYH0HGLD

*RHGH0HWDO,QQRYDWLYH'HYHORSPHQWVIRU/LJKWZHLJKW9HKLFOH6WUXFWXUHV&RQIHUHQFH3URFHHGLQJV:ROIVEXUJ
9RONVZDJHQ$*

+XFKR:+HWDO$HURG\QDPLNGHV$XWRPRELOV6WU|PXQJVPHFKDQLN:lUPHWHFKQLN)DKUG\QDPLN.RPIRUW:LHVEDGHQ
9LHZHJ	6RKQ9HUODJ

,QWHUQDWLRQDO&RPPLVVLRQRQ1RQ,RQL]LQJ5DGLDWLRQ3URWHFWLRQ,&1,53*XLGHOLQHVIRUOLPLWLQJH[SRVXUHWRWLPHYDU\LQJ
HOHFWULFDQGPDJQHWLFILHOGV+]N+]+HDOWK3K\VLFVSS

,QWHUQDWLRQDO&RPPLVVLRQRQ1RQ,RQL]LQJ5DGLDWLRQ3URWHFWLRQ,&1,53*XLGHOLQHVIRUOLPLWLQJH[SRVXUHWRWLPHYDU\LQJ
HOHFWULFPDJQHWLFDQGHOHFWURPDJQHWLFILHOGVXSWR*+]+HDOWK3K\VLFVSS

/DUPLQLH-	/RZU\-(OHFWULF9HKLFOH7HFKQRORJ\([SODLQHG+RERNHQ-RKQ:LOH\	6RQV/WG

/DULYp-)HWDO:HOOWR:KHHOV$QDO\VLVRI)XWXUH$XWRPRWLYH)XHOVDQG3RZHUWUDLQVLQWKH(XURSHDQ&RQWH[W6$(
7UDQVDFWLRQVYROSS1HZ<RUN6RFLHW\RI$XWRPRWLYH(QJLQHHUV

/HVHPDQQ0HWDO(/9$SURMHFW>:::VLWH@85/ZZZHOYDSURMHFWHX

0DQGDO%.3DGKL$.6KL=&KDNUDERUW\6	)LOOHU57KHUPDOUXQDZD\LQKLELWRUVIRUOLWKLXPEDWWHU\HOHFWURO\WHV
-RXUQDORI3RZHU6RXUFHVYROSS2[IRUG(OVHYLHU
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